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Sir/Madam: 

Further to the Notice of Appeal faxed October 14, 2004 and received in the Patent Office 
on October 14, 2004, Appellant presents this Appeal Brief. The Notice of Appeal was filed 
following mailing of a Final Office Action on August 24, 2004, Appellant hereby appeals to the 
Board of Patent Appeals and Interferences from a final rejection of claims 6633-6651 in the Final 
Office Action mailed August 24, 2004, and respectfully requests that this appeal be considered 
by the Board, 
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REAL PARTY IN INTEREST 



The subject application is owned by KLA-Tcncor, Inc., a corporation having a place of 
business at 160 Rio Roblcs, San Jose, California 95134, as evidenced by the assignment recorded 
at reel 014550, frame 0455. 



No other appeals or interferences are known which would directly affect or be directly 
affected by or have a bearing on the Board's decision in this appeal. 



Claims 1-6632 were originally filed in the present application. Claims 2-6632 were 
cancelled in a Preliminary Amendment filed September 24, 2003. Claims 1-6632 were canceled 
in a Supplemental Amendment filed January 14, 2004. Claims 6633-6652 were added in the 
Supplemental Amendment Cancellation of claims 1-6632 was confirmed in a Second 
Supplemental Amendment filed March 30, 2004, Claim 6652 was deemed allowable, but 
objected to for being dependent on a rejected base claim. Claims 6633-6651 stand finally 
rejected under 35 U.S.C. § 102, and are the subject of this appeal. A copy of claims 6633-6652, 
as on appeal (incorporating entered amendments), is included in the Appendix hereto. 



No amendments to the claims have been filed subsequent to their final rejection. The 
Appendix hereto therefore reflects the current state of the claims. 



RELATED APPEALS AND INTERFERENCES 



in. 



STATUS OF CLAIMS 



IV. STATUS OF AMENDMENT? 



2 
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V, SUMMARY OF THE INVENTION 

Appellant's claimed invention relates to a system configured to determine at least two 
properties of a specimen. (Specification - page 147, line 15 - page 148, line 3). The system 
includes a spectroscopic ellipsomctcr (238, Fig. 23) configured to generate one or more output 
signals during measurement of the specimen. (Specification - page 139, line 22 - page 142, line 

13) - The system also includes a processor (270) coupled to the spectroscopic ellipsometer. The 
processor is configured to detcrmiue a critical dimension and a thin film characteristic of the 
specimen from the one or more output signals. (Specification — page 98, line 19 - page 103, line 
13, page 106, lines 1 1-13, page 188, line 1 - page 190, line 11, page 255, lines 19-25). 

In one embodiment, the system is further configured as a stand-alone device (158, Fig, 

14) . (Specification - page 120, lines 20-21, page 251, lines 5-1 1). In an alternative 
embodiment, the system is integrated into a process tool (240, Fig. 23). (Specification - page 
184, line 19 -page 185, line 10), 

In some embodiments, the spectroscopic ellipsometer is configured to illuminate the 
specimen at an oblique angle of incidence (Fig. 23). In another embodiment, the spectroscopic 
ellipsometer is configured to illuminate the specimen at an oblique angle of incidence with a 
light beam that includes visible and ultraviolet light. (Specification - page 257, lines 14-21), Tn 
a different embodiment, the spectroscopic ellipsomctcr (98, Figs. 11a and 1 lb) is configured to 
illuminate the specimen at a normal angle of incidence, (Specification - page 79, lines 5-25). In 
one such embodiment, the spectroscopic ellipsometer is configured to illuminate the specimen at 
a normal angle of incidence with linearly polarized light. In another such embodiment, the 
spectroscopic ellipsometer is configured to illuminate the specimen at a normal angle of 
incidence with polarized light. (Specification - page 79, lines 2-5). In a further embodiment, 
Ihe spectroscopic ellipsometer is configured to illuminate the specimen at a normal angle of 
incidence with polarized, visible light. (Specification - page 67, line 23 - page 68, line 3, page 
77, lines 4-6, page 255, lines 1 4-1 7). In some embodiments, the spectroscopic ellipsometer is 
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configured to focus light to a small spot on the specimen* (Specification - page 258, lines 16- 
27). 

Tn one embodiment, the processor is configured to use the thin film characteristic to 
determine the critical dimension. (Specification - page 77, tine 23 - page 78, line 12). In some 
embodiments, the system is coupled to a stand-alone metrology or inspection system. The 
systems arc configured such that signals may be sent between the systems. (Specification - page 
267, line 19 - page 268, line 2). 

In one embodiment, the thin film characteristic includes optical properties of one or more 
layers on the specimen. (Specification - page 140, line 17 - page 142, line 13). In another 
embodiment, the critical dimension includes a lateral dimension of a feature on the specimen 
defined in a direction substantially parallel to an upper surface of the specimen, a lateral 
dimension of the feature defined in a direction substantially perpendicular to the upper surface of 
the specimen, or a sidcwall angle of the feature. (Specification — page 74, line 10 - page 75, line 

In one embodiment, the specimen (10, Fig. 1) includes a wafer. (Specification — page 63, 
lines 6-12). In another embodiment, the specimen includes a substrate suitable for fabrication of 
a reticle. (Specification — page 63, lines 12-14). 

Appellant's claimed invention also relates to a system (32, Kg. 13) configured to 
determine at least two properties of a wafer (10, Fig. 1). The system includes a spectroscopic 
cllipsometer configured to generate one or more output signals during measurement of the wafer. 
The spectroscopic cllipsometer is integrated inlo a lithography track (130, Fig. 13). The system 
also includes a processor coupled to the spectroscopic ellipsometer. The processor is configured 
to determine a critical dimension and a thin film characteristic of the wafer from the one or more 
output signals. (Specification — page 98, line 1 9 - page 103, line 3, page 255, lino 17 - page 257, 
line 2). 
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In one embodiment, the spectroscopic ellipsometer is configured to illuminate the 
specimen at an oblique angle of incidence with a light beam that includes visible and ultraviolet 
light. (Specification - page 257, lines 14-21). In another embodiment, the spectroscopic 
ellipsometer is configured to illuminate the specimen at a normal angle of incidence with 
polarized, visible light. (Specification page 67, line 23 - page 68, tine 3, page 77, lines 4-6, 
page 79, lines 2-5, page 255, lines 14-17). In some embodiments, the system also includes a 
controller computer configured to control a temperature within the track. (Specification — page 
257, lines 4-12). 

VI. ISSUES 

1. Whether claims 6633 and 6635-6651 are unpatentable under 35 U.S.C. § 102(b) as being 
anticipated by U.S. Patent No. 5,900,939 to Aspncs et.al. (hereinafter "Aspncs"). 

2. Whether claim 6634 is unpatentable under 35 U.S.C. § 1 02(e) as being anticipated by 
U.S. Patent No. 6,563,586 to Stanke ct al. (hereinafter "Stankc"). 

VII. GROUPING OF CLAIMS 

Claims 6633, 6636-6637, 6642, and 6645-6647 (Group I) stand or fall together. 

Claim 6634 (Group If) stands or falls alone. 

Claims 6635 and 6649-6650 (Group III) stand or fall together. 

Claims 6638-6641 (Group IV) stand or fall together. 

Claim 6643 (Group V) stands or falls alone. 

Claim 6644 (Group VI) stands or falls alone. 

Claim 6648 (Group VTI) stands or falls alone. 

Claim 6651 (Group VTTI) stands or falls alone. 

The reasons why the eight groups o f claims are believed to be separately patentable are 
explained below in the appropriate parts of the Argument, 
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Vlll. ARGUMENT 

Fabrication of semiconductor devices such as logic and memory devices typically 
includes a number of processes that are used to form various features and multiple levels or 
layers of semiconductor devices on a surface of a semiconductor wafer or another appropriate 
substrate. After processing is complete, the semiconductor wafer is separated into individual 
semiconductor devices. See Specification; page 1, lines 18-28. 

Semiconductor fabrication processes are among the most sophisticated and complex 
processes used in manufacturing. In order to perform efficiently, semiconductor fabrication 
processes require frequent monitoring and careful evaluation. For example, extensive monitoring 
and evaluation of semiconductor fabrication processes is typically performed to ensure that the 
processes arc within design tolerance and to increase the overall yield of the processes. Ideally, 
extensive monitoring and evaluation of the processes takes place both during process 
development and during process control of semiconductor fabrication processes, See 
Specification: page 2, lines 2-1 5. In addition, as feature sizes of semiconductor devices continue 
to shrink, a minimum feature size that may be fabricated may often be limited by the 
performance characteristics of a semiconductor fabrication process. As such, controlling the 
parameters of processes that maybe critical to the resolution capability of a semiconductor 
fabrication process such as a lithography process is becoming increasingly important to the 
successful fabrication of semiconductor devices. See Specification: page 2, line 1 7 to page 3, 
line 2. 

There are several disadvantages, however, in using the currently available methods and 
systems for metrology and/or inspection of specimens fabricated by semiconductor fabrication 
processes. For example, multiple stand-alone metrology/inspection systems may be used for 
metrology and/or inspection of specimens fabricated by such processes. As used herein, the term 
"stand-alone metrology/inspection system" generally refers to a system that is not coupled to a 
process tool and is operated independently of any other process tools and/or metrology/inspection 
systems. Multiple metrology/inspection systems occupy a relatively large amount of clean room 
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space due to the footprints of each of the metrology and/or inspection systems. See 
Specification; page 3, lines 4-17. 

In addition, testing time and process delays associated with measuring and/or inspecting a 
specimen with multiple systems increase the overall cost of manufacturing and the manufacturing 
time for fabricating a semiconductor device. For example, process tools may often be idle while 
metrology and/or inspection of a specimen is performed such that the process maybe evaluated 
before additional specimens arc processed thereby increasing manufacturing delays. 
Furthermore, if processing problems cannot be detected before additional wafers have been 
processed, wafers processed during this time may need to be scrapped, which increases the 
overall cost of manufacturing. Additionally, buying multiple metrology/inspection systems 
increases the cost of fabrication. See Specification: page 3, lines J 9-28. 

In an additional example, for in situ metrology and/or inspection using multiple systems, 
determining a characteristic of a specimen during a process may be difficult if not impossible. 
For example, measuring and/or inspecting a specimen with multiple systems during a lithography 
process may introduce a delay lime between or after process steps of the process. If the delay 
time is relatively long, the performance of the resist maybe adversely affected, and the overall 
yield of semiconductor doviccs may bo reduced. As such, there may also be limitations on 
process enhancement, control, and yield of semiconductor fabrication processes due to the 
limitations associated with metrology and/or inspection using multiple systems. Process 
enhancement, control, and yield may also bo limited by an increased potential for contamination 
associated with metrology and/or inspection using multiple systems. In addition, there may be 
practical limits in using multiple metrology/inspection systems in semiconductor manufacturing 
processes. In an example, for in situ metrology and/or inspection using multiple systems, 
integrating the systems into a process tool or a cluster tool may be difficult due to the availability 
ofspacc within the tool. See Specification: page 4, lines 2-1 8. 

The invention as recited in claims 6633-6652 addresses the above-described problems by 
providing systems configured to determine at least two properties of a specimen, The first 
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properly includes a critical dimension of the specimen. The second property includes a thin film 
characteristic of the specimen. See Specification: page 147, line 15 to page 148, line 3. 
Therefore, one system can be used to provide substantially more information about a specimen 
than currently available metrology/inspection systems. 

The presently claimed systems and methods provide a number of additional advantages 
over other systems and methods. For example, the presently claimed systems may be coupled to 
a process tooL Because the systems may be coupled to a process tool such as a lithography track, 
properties of a specimen may be determined faster than stand alone metrology and inspection 
tools. Therefore, a system, as described herein, may reduce the tum-around-timc for determining 
properties of a specimen. A reduced turn-around-timc may provide significant advantages for 
process control. For example, a reduced turn-around-timc may provide tighter process control of 
a semiconductor fabrication process than stand alone metrology and inspection tools. Tighter 
process control may provide, for instance, a reduced variance in critical dimension distributions 
of features on a specimen. See Specification: page 106, lines 16-24. 

XSSUK 1 ARGUMENTS 

A. Patentability of Gronn I Claims 6633. 6636-6637. 6642, and 6645-6647 

1, A critical dimension as presently claimed is not equivalent to a critical metric as 
this term is used in the Specification. 

* Independent claim 6633 recites in part: "a spectroscopic ellipsometer configured to 
generate one or more output signals during measurement of the specimen; and a processor 
coupled to the spectroscopic ellipsometer and configured to determine a critical dimension and a 
thiii film characteristic of the specimen from the one or more output signals/' 

As defined in the Specification: 

A critical dimension may include a lateral dimension of a feature defined in a direction 
substantially parallel to an upper surface of the specimen such as width 62 of feature 56 
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on specimen 60. Therefore, a critical dimension maybe generally defined as the lateral 
dimension of a feature when viewed in cross section such as a width of a gate or 
interconnect Of a diameter of a hole or via. A critical dimension of a feature may also 
include a lateral dimension of a feature defined in a direction substantially perpendicular 
to an upper surface of the specimen such as height 64 of feature 56 on specimen 60. 
(Specification - page 74, lines 17-23.) 

Therefore, a "critical dimension" as defined in the Specification does not include a thickness of a 
film. In contrast, the Specification stales that "Examples of thin film characteristics include, but 
arc not limited to, a thickness, an index of refraction, and an extinction coefficient." 
(Specification - page 250, lines 1 1-12.) Therefore, a film thickness is defined in the 
Specification as a thin film characteristic, as presently claimed. 

The definition of the term "critical dimension" provided in the Specification is consistent 
with the accepted meaning of the term known in the art. For example, "critical dimensions 
(CDs)" are defined as "The widths of lines and spaces of critical circuit patterns as well as the 
area of contacts" by Peter Van Zant, Microchip Fabrication: A Practical Guide to Semiconductor 
Processing, fourth Edition, New York, New York, McGraw-Hill, 2000, p. 598, a copy of which 
is submitted herewith. In addition, S* Wolf et aL, in Silicon Processing for the VLS I Era: 
Vol ume 1 - Proc ess Technology, Sunset Beach, California, Lattice Press, 19S6, on p. 447, a copy 
oF which is submitted herewith, states that 'There are two aspects of feature sizes that must be 
controlled in the lithographic/etching process: a) the absolute size of a minimum feature, 
including linewidth, spacing, or contact dimensions (also referred to as a critical dimension of 
CD)." (emphasis in original). In addition, in the HaMfrQ ftfc , p f S ilico n Semiconductor 
MfilipJff-SXi Alain C. Diebold, New York, New York, Marcel Dckkcr, Lie, 2001, on p. 377, a 
copy of which is submitted herewith, M. Cresswcll ct al. state that "Usually, test patterns include 
features that have drawn Iinewidths matching the minimum of the features being printed in the 
circuit. These Iinewidths are typically referred to as the process's critical dimensions (CDs)," 
(emphasis in original). Therefore, consistent with the definition of a critical dimension provided 
in the Specification, the definition of the term critical dimension accepted in the art does not 
include a thickness of a film. A fundamental principle contained in 35 U.S.C. 112, second 
paragraph is that applicants are their own lexicographers. They can define in the claims what 
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they regard a$ their invention essentially in whatever terms they choose so long as the terms are 
not used in ways that arc contrary to accepted meanings in the art. MPEP 2173.01 . It is 
appropriate to compare the meaning of terms given in technical dictionaries in order to ascertain 
the accepted meaning of a term in the art. In re Burr, AAA F.2d 588, 170 USPQ 330 (CCPA 
1971). MPEP 2173.05(a). 

'Hie Final Office Action mailed August 24, 2004 (PTO Paper No. 2212004) notes on page 
7 that the Specification states: 

critical metrics of a lithography process may include a property such as, but are not 
limited to 7 critical dimensions of features formed by the lithography process and overlay 
misregistration. Critical metrics of a process, however, may also include any of the 
properties as described herein including, but not limited to, a presence of defects on the 
specimen, a thin film characteristic of the specimen* a flatness measurement of the 
specimen, an implant characteristic of the specimen, an adhesion characteristic of the 
specimen, a concentration of elements in the specimen. (Specification — page 246, lines 
1-8.) 

Therefore, the Specification defines the term "critical meLric" as a property, two examples of 
which arc a critical dimension and a thin film characteristic, and one example of a thin film 
characteristic provided in the Specification is a thickness of a film. Consequently, the 
Specification defines a critical metric as a property, two examples of which are a critical 
dimension and a film thickness, 

However, this definition of a critical metric does not result in a critical dimension being 
equivalent to a film thickness. For example, a "metric" is commonly defined as "A standard of 
measurement." See, for example, Webster's II New Riverside U niversity Rtffljpflfliy. Boston, 
Massachusetts, Houghton Mifflin Company, 1984, p. 748, a copy of which is submitted herewith. 
As a result, the Specification defines a critical metric or a critical standard of measurement as a 
properly, two examples of which arc a critical dimension and a film thickness. Therefore, the 
term critical metric cannot be interpreted as being equivalent to the term critical dimension such 
that a critical dimension can be defined as a film thickness as suggested in the Final Office 
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Action since a "critical dimension" and a "critical metric" are clearly two different terms having 
different meanings. 

For at least the reasons provided above, therefore, the term "critical dimension" is not 
defined in the Specification as a film thickness. In addition, for at least the reasons provided 
abovo, the usual meaning of the term critical dimension accepted in the art is not a film 
thickness. Therefore, the claimed critical dimension cannot be given a meaning as suggested in 
the Final Office Action of a film thickness since that meaning of the term critical dimension 
would be repugnant to (i.e., inconsistent with) its usual meaning. While a term used in the 
claims may be given a special meaning in the description of the invention, generally no term may 
be given a meaning repugnant to the usual meaning of the term. In re Hill, 161 F.2d 367, 73 
USPQ 482 (CCPA 1947). MPfiP 2173.05(a). 

2. Aspnes does not teach or suggest a processor coupled to a spectroscopic 

cllipsometer that is configured to determine a critical dimension of a specimen 
from one or more output signals generated by the spectroscopic ellipsomctcr. 

Aspnes discloses a thin film optical measurement system and method with calibrating 
cllipsometer. Aspnes, however, docs not disclose a processor coupled to a spectroscopic 
cllipsometer that is configured to determine a critical dimension of a specimen from one or more 
output signals generated by the spectroscopic cllipsometer. For example, Aspnes states that "To 
determine this information, the processor 48 takes the difference between the sums of the output 
signals of diametrically opposed quadrants, a value which varies linearly with film thickness for 
very thin films." (Aspnes - col. 4, lines 30-34.) Therefore, Aspnes discloses a processor that is 
configured to determine a film thickness of a specimen. However, Aspnes does not disclose a 
processor that is configured to determine a critical dimension of the specimen. In addition, as set 
forth in detail above, the claimed critical dimension is not equivalent to a film thickness. 
Therefore, Aspnes does not teach or suggest determining a critical dimension as presently 
claimed. As such, Aspnes does not teach or suggest a processor coupled to a spectroscopic 
cllipsometer that is configured to determine a critical dimension of a specimen from one or more 
output signals generated by the spectroscopic cllipsometer. 
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3. The Examiner has failed to support a ground of anticipation of claim 6633 by 
A Spa cs. 

The standard for "anticipation" is one of fairly strict identity. A claim is anticipated only 
if each and every clement as set forth in the claim is found, cither expressly or inherently 
described, in a single prior art reference. Verdegaal Bros, v. Union Oil Co. Of California, 2 
USPQ2d 1051, 1053 (Fed. Cir. 1987); MPEP 2131. As pointed out above, Aspnes does not 
teach a processor coupled to a spectroscopic cllipsomctcr that is configured to determine a 
critical dimension of a specimen from one or more output signals generated by the spectroscopic 
cllipsomctcr, as recited in claim 6633. Aspnes, therefore, does not teach each and every clement 
set forth in claim 6633, and claim 6633 is not anticipated by Aspnes. 

Conclusion 

As explained in Arguments 1-3 above, certain limitations of independent claim 6633 are 
not taught or suggested by Aspnes. Claim 6633 is therefore not anticipated by Aspnes. Because 
chums 6636-6637, 6642, and 6645-6647 arc dependent from claim 6633, these claims arc also 
not anticipated by Aspnes. The rejection of Group I claims 6633, 6636-6637, 6642, and 6645- 
6647 under 35 U.S.C. § 1 02 is therefore asserted to be erroneous. 

B« Patentability of Group 111 Claim 6635 and 6649-6650 

Independent claim 6649 recites: "a spectroscopic cllipsomctcr configured to generate one 
or more output signals during measurement of the wafer,, , ,and a processor coupled to the 
spectroscopic ellipsometer and configured to determine a critical dimension and a thin film 
characteristic of the wafer from the one or more output signals/' Because claim 6649 of Group 
III recites these limitations, which arc similar to those of claim 6633 of Group I, the arguments 
presented above for patentability of claim 6633 apply equally to claim 6649, and are herein 
incorporated by reference. Because claim 6635 of Group III is dependent from claim 6633 of 
Group I, the arguments presented above for patentability of claim 6633 also apply equally to 
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claim 6635. Claim 6635 further recites that the claimed system is integrated into a process tool. 
Claim 6649 recites a similar limitation, These additional recitations make claims 6635 and 6649- 
6650 separately patentable over the cited art, as described in more detail below. 

Aspncs docs not tench or suggest & system that is configured to determine at least two 
properties of a specimen and that is integrated into a process tool. 

Aspncs states that "Hie preferred measurement systems rely on non-contact, optical 
measurement techniques, which can be performed during the semiconductor manufacturing 
process without damaging the wafer sample." (Aspnes — coL 1 7 lines 21-24). Therefore, Aspncs 
discloses that a measurement system may perform measurements during a process. However, 
Aspnes does not (each or suggest that a measurement system is or can be integrated into a 
process tooL For example, measurement systems that are configured to perform measurements 
after a lithography process but before an etch process may be considered to perform these 
measurements during a semiconductor manufacturing process. However, such measurement 
systems are not necessarily integrated into a process tool. Instead, these measurement systems 
can be configured as stand alone tools or non-integrated tools. Therefore, since Aspnes does not 
teach or suggest that the measurement system that can perform measurements during a process is 
integrated into a process tool, Aspnes does not teach or suggest a system that is configured to 
determine at least two properties of a specimen and that is integrated into a process tool. The 
claimed system integrated into a process tool is therefore not taught by the cited art, and claims 
6635 and 6649 arc patentable over this art. Because claim 6650 is dependent from claim 6649, 
this claim is also not anticipated by Aspnes. Rejection of Group 111 claims 6635 and 6649-6650 
is therefore asserted to be erroneous. 

C, Patentability of Group IV Claims 6638-6641 

Because claims 6638-6641 of Group IV arc dependent from claim 6633 of Group 1, the 
arguments presented above for patentability of claim 6633 apply equally to claims 6638-6641, 
and are herein incorporated by reference. Claims 6638-6641 further recite that the claimed 
spectroscopic cllipsometer is configured to illuminate the specimen at a normal angle of 
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incidence, These additional recitations make claims 6638-6641 separately patentable over the 
cited art, as described in more detail below. 

Aspncs does not teach or suggest a spectroscopic ellipsometer configured to illuminate a 
specimen at a normal angle of incidence. 

Aspncs states that "Broadband spectroscopic ellipsometry (BSE)... (18) includes a 
polarizer 70, focusing mirror 72, collimating mirror 74, rotating compensator 76, and analyzer 
80," (Aspnes - col. 5, lines 41-46), Aspncs also states that "Mirror 72 focuses the beam onto 
the sample surface at an oblique angle, ideally on the order of 70 degrees to the normal of the 
sample surface." (Aspncs - col. 5, lines 49-52), Therefore, Aspncs discloses a spectroscopic 
cllipsomclcr configured to illuminate a specimen at an oblique angle of incidence. However, 
Aspnes does not teach or suggest a spectroscopic ellipsomeLer configured to illuminate a 
specimen at a normal anglo of incidence. The claimed spectroscopic ellipsometer is therefore not 
taught by the cited art, and claims 6638-6641 arc patentable over this art. Rejection of Group IV 
claims 6638-6641 is therefore asserted to be erroneous. 

D. Patentability of Groun V Claim 6643 

Because claim 6643 of Group V is dependent from claim 6633 of Group 1, the arguments 
presented above for patentability of claim 6633 apply equally to claim 6643, and arc herein 
incorporated by reference. Claim 6643 further recites that the claimed processor is configured to 
use the thin film characteristic to determine the critical dimension. This additional recitation 
makes claim 6643 separately patentable over the cited art, as described in more detail below. 

Aspnes docs not teach or suggest a processor that is configured to use a thin film 
characteristic of a specimen to determine a critical dimension of the specimen. 

As discussed further above with respect to the patentability ofGroup I claims 6633, 6636- 
6637, 6642, and 6645-6647, Aspncs docs not teach or suggest a processor that is configured to 
determine a critical dimension of a specimen from one or more output signals generated by a 
spectroscopic ellipsometer. As such, Aspnes cannot teach or suggest a processor configured to 
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use a Ihin film characteristic of a specimen to determine a critical dimension of the specimen, 
since Aspnes docs not teach determining a critical dimension at all. The claimed processor is 
therefore not taught by the cited art, and claim 6643 is patentable over this art. Rejection of 
Group V claim 6643 is therefore asserted to be erroneous, 

E, Patentability of Group VI Claim 6644 

Because claim 6644 of Group VI is dependent from claim 6633 of Group I, the arguments 
presented above for patentability of claim 6633 apply equally to claim 6644, and are herein 
incorporated by reference. Claim 6644 further recites that the claimed system is coupled to a 
stand-alone metrology or inspection system and that these systems are configured such that 
signals maybe sent between the systems. This additional recitation makes claim 6644 separately 
patentable over the cited art, as described in more detail below. 

Aspnes docs not teach or suggest a system configured to determine at least two properties 
or a specimen that is coupled to a stand-alone metrology or inspection system. 

Aspncs states that "Composite optical measurement system 1 includes a Beam Profile 
Ellipsomctcr (BPE) 10, a Beam Profile Reflectometer (BPR) 12, a Broadband Reflective 
Spectrometer (BRS) 14, a Deep Ultra Violet Reflective Spectrometer (DUV) 16, and a 
Broadband Spectroscopic Eliipsometer (BSB) 18." (Aspnes - col. 3, lines 45-50). Therefore, 
Aspnes discloses one system that includes a number of different measurement devices. 
However, Aspnes docs not disclose that this one system is coupled to a stand-alone metrology or 
inspection system. Therefore, Aspnes docs not teach or suggest a system configured to 
determine at least two properties of a specimen that is coupled to a stand-alone metrology or 
inspection system. The claimed system is therefore not taught by the cited art, and claim 6644 is 
patentable over this art. Rejection of Group VI claim 6644 is therefore asserted to be erroneous. 
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F. Patentability of Group VII Claim 6648 

Because claim 6648 of Group VTT is dependent from claim 6633 of Group T, the 
arguments presented above for patentability of claim 6633 apply equally to claim 6648, and are 
herein incorporated by reference. Claim 6648 further recites that the claimed specimen includes 
a substrate suitable for fabrication of a reticle. This additional recitation makes claim 6648 
separately patentable over the cited art, as described in more detail below. 

Aspnes docs not teach or suggest a system configured to determine at least two properties 
of a substrate suitable for fabrication of a reticle. 

Aspnes states that 'There is considerable interest in developing systems for accurately 
measuring the thickness and/or composition of thin films. The need is particularly acute in the 
semiconductor manufacturing industry where the thickness of these thin film oxide layers on 
semiconductor substrates is measured." (Aspnes - col. 1, lines 14-1S). Therefore, Aspnes 
discloses measuring properties of a semiconductor substrate. However, Aspnes docs not disclose 
measuring properties of a substrate suitable for fabrication of a reticle such as a glass substrate. 
Therefore, Aspnes docs not teach or suggest a system configured to determine at least two 
properties of a substrate suitable for fabrication of a reticle. The claimed system is therefore not 
taught by the cited art, and claim 6648 is patentable over this art. Rejection of Group VII claim 
6648 is therefore asserted to be erroneous. 

G. Patentability of Group V11J Qaiffl $651 

Because claim 6651 of Group VIII is dependent from claim 6649 of Group III, the 
arguments presented above for patentability of claim 6649 apply equally to claim 665 1 , and are 
herein incorporated by reference. Claim 6651 further recites that the claimed spectroscopic 
cllipsomclcr is configured to illuminate the specimen at a normal angle of incidence. This 
additional recitation makes claim 665 1 separately patentable over the cited art, as described in 
more detail below. 
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Aspnes docs not teach or suggest a spectroscopic ellipsometer configured to illuminate a 
specimen at a normal angle of incidence. 

As discussed further above with respect to the patentability of Group IV claims 6638- 
6641 4 Aspnes docs not teach or suggest a spectroscopic cllipsometer configured to illuminate a 
specimen at a normal angle of incidence. The claimed spectroscopic ellipsometer is therefore not 
taught by the cited art, and claim 6651 is patentable over this art. Rejection of Group VIII claim 
6651 is therefore asserted to be erroneous. 

ISSUE 2 ARGUMENTS 

A- Patentability of Group II Claim 6634 

1. A critical dimension as presently claimed is not equivalent to a critical metric as 
this term is used in the Specification, 

Because claim 6634 of Group II is dependent from claim 6633 of Group T, claim 6634 
includes all of the limitations of claim 6633. As discussed further above with respect to the 
patentability of Group I claims 6633, 6636-6637, 6642, and 6645-6647, a critical dimension as 
presently claimed is not equivalent to a critical metric as this term is used in the Specification. 
Therefore, the presently claimed critical dimension is not equivalent to a film thickness as 
suggested in the Final Office Action. 

2. Stankc does not teach or suggest a processor coupled to a spectroscopic 
cllipsometer that is configured to determine a critical dimension of a specimen 
from one or more output signals generated by the spectroscopic ellipsometer. 

Stankc discloses a wafer metrology apparatus and method. Stanke, however does not 
ilisclose a processor coupled to a spectroscopic cllipsometer that is configured to determine a 
critical dimension of a specimen from one or more output signals generated by the spectroscopic 
cllipsometer. For example, Stankc states that "Following collection of a reference spectrum a 
data reduction algorithm utilizing the reference spectrum is used to calculate film thickness from 
spectra collected from wafer 420/* (Stanke - col. 1 4, tines 17-20). Therefore, Stankc discloses a 
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processor that is configured to determine a film thickness of a specimen. However, Stanke does 
not disclose a processor that is configured to determine a critical dimension of the specimen. In 
addition, as set forth in detail above, the claimed critical dimension does not include a film 
thickness. Therefore, Stanke docs not teach determining a critical dimension as presently 
claimed. As such, Stanke does not teach a processor coupled to a spectroscopic ellipsometer that 
is configured to determine a critical dimension of a specimen from one or more output signals 
generated by the spectroscopic ellipsometer. 

3. The Examiner has failed to support a ground of anticipation of claim 6634 by 
Stanke. 

The standard for "anticipation" is one of fairly strict identity. A claim is anticipated only 
if each and every element as set forth in the claim is found, either expressly or inherently 
described, in a single prior art reference. Verdegaal Bros. v. Union Oil Co. Of California, 2 
USPQ2d 1051, 1053 (Fed. Cir. 1987); MPEP 213L As pointed out above, Stanke does not teach 
a processor coupled to a spectroscopic ellipsometer that is configured to determine a critical 
dimension of a specimen from one or more output signals generated by the spectroscopic 
ellipsometer, as recited in claim 6633. Stanke, therefore, cannot teach, expressly or inherently, 
each and every element set forth in claim 6633, and claim 6633 is not anticipated by Stanke. 

Conclusion 

As explained in Arguments 1-3 above, certain limitations of independent claim 6633 are 
not taught or suggested by Stanke. Claim 6633 is therefore not anticipated by Stanke. Because 
claim 6634 is dependent from claim 6633, this claim is also not anticipated by Stanke. The 
rejection of Group II claim 6634 under 35 U.S.C. § 102 is therefore asserted to be erroneous. 

For the foregoing reasons, it is submitted that the Examiner's rejection of claims 6633- 
6651 was erroneous, and reversal of the Examiner's decision is respectfully requested. 
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X- APPENDIX 

The present claims on appeal are as follows. 

6633. A system configured lo determine at least two properties of a specimen, comprising: 

a spectroscopic ellipsomcter configured to generate one or more output signals during 
measurement of the specimen; and 

a processor coupled to the spectroscopic ellipsorneter and configured to determine a 

critical dimension and a thin film characteristic of the specimen from the one or 
more oulput signals* 

6634. The system of claim 6633, wherein the system is further configured as a stand-alone 
device, 

6635. The system of claim 6633, wherein the system is integrated into a process tool. 

6636. The system of claim 6633, wherein the spectroscopic ellipsorneter is further configured to 
illuminate the specimen at an oblique angle of incidence. 

6637. The system of claim 6633, wherein the spectroscopic ellipsorneter is further configured to 
i Hum in ate the specimen at an oblique angle of incidence with a light beam comprising visible 
and ultraviolet light. 

6638. The system of claim 6333, wherein the spectroscopic ellipsorneter is further configured to 
illuminate the specimen at a normal angle of incidence. 

6639. The system of claim 6633, wherein the spectroscopic ellipsorneter is further configured to 
illuminate the specimen at a normal angle of incidence with linearly polarized light. 
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6640. The system of claim 6633, wherein the spectroscopic ellipsometer is further configured to 
illuminate the specimen at a normal angle of incidence with polarized light. 

6641 . The system of claim 6633, wherein the spectroscopic ellipsomcter is further configured to 
illuminate the specimen at a normal angle of incidence with polarized, visible light. 

6642. The system of claim 6633, wherein the spectroscopic cllipsometer is farther configured to 
focus light to a small spot on the specimen. 

6643. The system of claim 6633, wherein the processor is further configured to use the thin film 
characteristic to determine the critical dimension. 

6644. The system of claim 6633, wherein the system is coupled to a stand-alone metrology or 
inspection system, and wherein the systems are configured such that signals may he sent between 
the systems. 

6645. The system of claim 6633, wherein the thin film characteristic comprises optical 
properties of one or more layers on the specimen. 

6646. Tho system of claim 6633, wherein the critical dimension comprises a lateral dimension 
of a feature on the specimen defined in a direction substantially parallel to an upper surface of the 
specimen, a lateral dimension of the feature defined in a direction substantially peipendicular to 
the upper surface of the specimen, or a sidcwall angle of the feature. 

6647. The system of claim 6633, wherein the specimen comprises a wafer, 

6648. The system of claim 6633, wherein the specimen comprises a substrate suitable for 
fabrication of a reticle, 

6649. A system configured to determine at least two properties of a wafer, comprising: 
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a spectroscopic cllipsometer configured to generate one or more output signals during 
measurement of the wafer, wherein the spectroscopic cllipsometer is integrated 
into a lithography track; and 

a processor coupled to the spectroscopic cllipsometer and configured to determine a 

critical dimension and a thin film characteristic of the wafer from the one ot more 
output signals. 

6650. The system of claim 6649, wherein the spectroscopic ellipsometer is rurthcr configured to 
illuminate the specimen at an oblique angle of incidence with a light beam comprising visible 
and ultraviolet light. 

6651 . The system of claim 6649, wherein the spectroscopic cllipsometer is further configured to 
illuminate the specimen at a normal angle of incidence with polarized, visible light. 

6652. The system of claim 6649, further comprising a controller computer configured to control 
a temperature within the Irack. 
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598 Glossary 



circuit board See printed circuit board. 

circuit layout The calculation of the physical device dimensions required to 
produce the required electrical parameters. Vertical dimensions determine 
CVD and doping thickness specifications. Horizontal dimensions determine 
the wafer pattern dimensions and are the basis for a scaled drawing of the 
finished circuit (composite drawing). 

crass number Number of contaminant particles in a cubic foot of air. 

clean room An area in which semiconductor device fabrication takes place. 
Hie cleanliness of the room is highly controlled in order to limit the number 
of contaminants to which the semiconductor is exposed. 

clear field mask A mask on which the pattern is defined by the opaque ar- 
eas. 

cluster tool Several process stations or tools served by one loading- 
unloading chamber and wafer-transport system. 

CMOS (complementary field-effect transistor) N- and P-channel MOS tran- 
sistors on the same chip. 

collector Along with the emitter and base, one of the three regions of the 
bipolar type of transistor. 

colllmated light Light in which the rays are parallel; used for gross visual 
inspection of surfaces. 

composite drawing A scaled drawing of the finished circuit. 

conductivity The ability of materials to conduct electricity (measured in 
Siemens for conductance or ohms for resistance). 

conductor A material which has low resistivity and high conductivity, 

contact The regions of exposed silicon that are covered during the metalli- 
zation process to provide electrical access to the devices. 

contact aligner An aligner tool that damps the wafer and mask into a tight 
contact before the resist exposure cycle. 

contact mask The step at which holes are put into the wafer layers to allow 
the metal layer to reach down to the doped silicon substrate. 

contamination A general term used to describe unwanted material that 
adversely affects the physical or electrical characteristics of a semiconductor 
wafer. 

critical dimensions (CDs) The widths of the lines and spaces of critical cir- 
cuit patterns as well as the area of contacts; 

cryogenic pump A vacuum pump that can produce a vacuum to the 10~ 10 
torr range, the same level as the vacuum of space. It does not require fore- 
pumps or cold traps and is fast or than other types of vacuum pumps. 

crystal A material in which the atoms are arranged in structured groups 
called unit cells, 
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Lithography I : optical resist materials and process technology 447 




Fig. 32 Longitudinal section and cross sections of a photoresist line running across e one 
micron aluminum step* The resist profiles are simulated by SAMPLE. The nominal line width is 
1.8 ym* 2 . Reprinted with permission of SPIE. 

On some microscopy-based inspection stations, all wafer handling and data processing 
functions have been automated. Only human vision remains as a non-automated aspect of the 
inspection procedure. That is, wafers arc transported by belts or vacuum shuttle from an input 
cassette to a pre- aligner, then onto an inspection stage under the microscope (Fig. 31), 
Automatic handling allows the operator to concentrate on inspection, and to minimize the 
likelihood of airborne or human handling contamination. Inspection data is entered with a 
Keypad, and many stations include host computer interfacing capabilities for processing and 
storing the data • 

tn more automated systems, the human operator is completely removed from the defect 
inspection task. That is, in-process wafer inspection systems, based on automatic Image 
processing have been introduced. Defect detection is accomplished either by die-to-die or 
dic-io-^atabase comparison. Manufacturers of these systems claim defect detection sensitivities 
well into the sub-micron range. Such instruments, however, often have difficulty detecting 
particles on substrates ihathave surface granularity, or on wafers containing surface topography. 
In addition, for particles near the minimum-size detecdon limit, such machines can be prone 10 
miss the presence of some particles, and signal the detection of others that may be non-existent. 

The remainder of This section discusses linewidth measurement techniques used to verify that 
critical dimensions have been produced. In addition, procedures are described for momtoring the 
variation of linewtdths produced in a production environment as a function of time. Such data 
can serve as a gauge for tracking the performqnee of a lithographic process line, 

Linewidth Variation and Control 

There are two aspects Of feature sizes that must be controlled in the lithographic /etching 
process: a) the absolute size of a minimum feature, including linewidth, spacing, or contact 
dimensions (also referred to as a critical dimension, or CD); and b) the variations of the 
minimum feature sizes as they cross steps on the wafer surface. Linewidth (and spacing) 
measurements are regularly performed to determine the actual sizes of CDs at each masking level 
of a process. The variation of iinewidihs over steps are also monitored, and the causes of the 
variation were discussed in the section on Resist Processing: Exposure. These two aspects are 
mentioned together because there is al«o a tradeoff between absolute linewidth size and variation 
of rhe size over steps. That is, over-exposure and over-development can improve linewidth 
control, but ai the expense of linewidth size. Figure 32 shows a SAMPLE simulation which 
calculates linewidth variation, across a 0.5 urn step, as the line sizes vary with changing 
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Electrical CD Metrology and Related 
Reference Materials 



Michael W. Cresswell and Richard A. Allen 

National Institute of Standards and Technology, GaMiersburg, Maryland 



I. INTRODUCTION 

In the fabrication of inLcgrated circuits, the steps of depositing a thin film of conducting 
material, patterning it photolithogmphically, and then etching it and stripping the 
remaining resist are repeated several times as required levels are created. On each occa- 
sion, the purpose is to pattern a film into a geometry that is consistent with the design of 
the circuit. The process control mission is to ensure that each respective set of process 
sicps rcplicalcs patterning that meets engineering specifications. In most cases, a measure 
of this compliance is the closeness of the linewidths of features that are produced in the 
pattern to their intended "design/' or "drawn" widths. Ideally, the linewidths of aU 
features on each level would be sampled after the level is patterned, to provide an 
indication of whether or not the process is under adequate control. However, such a 
comprehensive metrology operation is neither economically nor technically feasible. 
Instead, the as-patterned linewidths of a limited selection of features that constitute a 
"test pattern," are measured. The test pattern is printed at the same time as the circuitry 
whose fabrication U being monitored, but at a separate location on the substrate that is 
reserved exclusively for process-control purposes. An example of a commonly used test 
pattern is shown in Figure 1 (I). 

Usually, test patterns include features that have drawn linewidths matching tne 
minimum of* the features being printed in the circuit. These linewidths arc typically 
referred to as the process's critical dimensions (CDs). It is the widths of the features in 
the test pattern that lire measured by some means to determine if the respective 
sequence of patterning steps produces results that comply with engineering specifica- 
tions. The presumption is that, if the CDs of the line features in the test pattern are 
found to be replicated within predefined limits, the CDs of the features replicated in 
tho synthesis of the integrated circuit arc replicated within those limits. The several 
common linewidth-metrology techniques in use today are electrical CD (BCD) (dis- 
cussed in this chapter), scanning electron microscopy (SBM) CD, and scanning probe 
microscopy (SPM) CD, 
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uaertr- pre/, vor- of MiTMX , 
Met ru^zol (mcr/ r>zol\ -zoT). A trademark for pnrylencrctrazol. 
me trc» (mi'tar) n CMc/ly ML war. o(wm«. 
mc-tft 1 (roe'tar) a Chitfly Brit, vwr, o/ meter*. 
met ric 1 (m«f rik) fitff. [ft. mt'trftfuc < mitre, meter < Gk. mctron, 

measure.] Designating, rebrang w, or using the n«n5 system, 
met ric 1 (mCr/ilk) a 1. A standard of measurement. 2, Math. A 

ptnmetfic function defined for a coordinate system *ueh that die 

diitance between any wo points in thai syatem may be determined 

horn their coordinate* 

met ric* (nvVrik) a [Gk. mcrrf**" (rekhnr?). (the an) oi meter.] 

xncvri'cal (meYri*<M) adf. [Lat. oretrAsar < Gk. mrtpkas < mei- 
/oa metrr.] 1. Of, relating to, or composed in rhythmic meter. X. Or 
or relaung to measurement. — m«f ri»e*My &dv. 

met-Ti'ca-tion (rner'rf'ki'ihan) a Conversion to the metric sys- 
tem of weight* and messurea : M ethj ftcaTION . 

metric centner n. A unit of maw equal to 100 kfloijams. 

mettle hundredweight a A unit of mass equal to 50 kalo- 

met'rUa (mtTrlks) a fain*, <n numb"). The branch or pniaody 

dealing with roeaaure and metrical stmcnirea. 
.metrics juff. [< Mmic»J The application of stamtjea and 

mathematical analy** » * specified field of study <«M*i&ea(cs> 
metric system a A decimal system of weighta and measures 

baaed on the meter *a a unit length and the kilogram aa a unit mass, 
metric ton a, A unit oi mass equal to 1 ,0Qn kdogrjms. 
met-ri'fy (meYm-f r ) w. A vt -««d, -ryinz, [Off. inetri/icT post, 

< Mad, Lat. metrtfJcere : Ul merjunr, measure (< GIl mcnorr) + sagei 

Lat. /iictre, to make] 1. To comjxwe in or put into rhythmic meters. 

2. To convert to or adnpt the metric system. — m«* / ri-fi-»*'*lon a 
mertri-ti* (mn-trl'tLi) a Inflimraatlen of the uterus, 
inet-rt (mcYio) a, pX -to*. (Fr., short for (catmui de fti) m£mp* 

litaia metrornUtan (railway),] A mbway system, 
metro- or merr- pre/. [MLat, < Gk. rnStio* < mem, uterus < 

jn£:ei, mother.) Uterua <raelritii> 

me-trol'orgy (mC trfil'a-ic) n, pi. -tie*, tff. oiatroio^ie < Gk. me- 
iroJoflia, theory of ratloi : rnfttiou. measure + Jozc*. reckomna J 
j, -r/lic science that deala with measurement. 1~ A aynem of raewue* 
mcnt. — mar'Tii'loBl-epa (uiftrn^i^-kal) art/. — mcxWiojrl • 
ly- d4v. — m.tro fe-fiat iJ. 

meenrnome (mfc^ra-nOraO o. ICk- m«trrai. meaiure + nomas, 
rule-] ^ device to mark time at a j ready beat in adjustable Intervals, 
— *ikm*T*-uw-1a (-oom'fk) tidj. <— Ma*rr / xmiam'i'eAWy ndtf. 

mt^onymic (m«'tra-n!m'Ik, mer*r» «/ao inat-wnymjc 
<m2t^ adi. [Gk. we-tdr. mother + Gk. mrumfl. name + -IC.J Of, 
relaans to, or derived from the name of one'i mother or female 
onttitor. —a A mctmnymie name. 

metro frO'liA (ina-tx0p'>ils) a [Urt < Gk. rmTtropofia, mother 
ciry ; tni&t, mother + po)f4, city.] LA maior city. 2. A city re- 
garded as the center of a specific activity <a great cnterainment 
meiropn(is> L The chief &ee of a metropolitan bixbop, cap. the main 
diuccst of a apeciiic eccjesiutical province. 4. The mothej dry of on 
ancient Greek colony or naie. 5. ZooJ. A re»on In which a particular 
kind of otganum Uvea and thnvea. 

met ro poH-tHrA (mifra-pol'l-wn) a4f, [M£ < liar, menopo/i- 
tunei < Ck- m«jfopoilte>, cluaea of a metropolw < mtfrropolia, 
mother city. -^e« Mffmoroos.l L A. Of, relating to, or typical of a 
metropolii, b. Making op a metropolis. 2. Reladng to or compiuing 
tbe home territory of a sovereign state. & Of or relating tD a metre* 
pollen. _fl. 1, a- An archbiaUop who has authority over hlahopa in 
the Roman Catbulic and other episcopal churches, b. A bbhop rank- 
ing next below the patriarch who sarvei ai the hud tit an eecLeaiajri- 
eal province in tho Eastern Onhodox Crouch. 2. A rcaident of a 
metropolis, cip. one who diapbya big-citf attitudei, chancrerisuw, 

jne^mnrha-^'il (ine'tn-rl'lft-o. - ja) a An ahnorma) uterine hem* 
onbajie, eap, between menstrual flqwi, — oa« ( tzor«har'<ic adf. 

-me try ruff, (MB *#tuie < Oil. < Lit. -metria < Gk. < mccrun, 
maafUte.] P fuctsa or science of measuring <isomctry> 

mcfxle (rnerl) n, [Alteration oi METAL] 1. Inherent Quality of 
character and temperament. 2- Fortitude and courage t smuT. —on 
(onar'i) meetle. Prepared to put one's apirit Ot courage to the test, 

met'tic-Bomc (mef|>iam) adU Full of courage ; HjcH-fimurm. 

m ew( (myoTb) a (ME < Orr. nee < mnat. la mole < Lat, iup^tc. to 
change,] 1. A cage for hav/ka, esp, when molting. t> A aecret place: 
KJUSaway. J. mn«, A small street behind a residennaJ street thai 
contain* small apjrtmcma. —v. m«wad. mowing, miH — vx, To 
confine in cr aa if in a eagt. — vi. To molt. — Used of a hawk. 

jxatYW* (QlVOo) vi, i>vaw#A, anenrdnjb mtwt, [ME mewaa] To 
make the high* pitched, crying sound of a car : MiOW. —us aw tl 

mew' fmyWl n. [ME < CM xscw,] A sea bird, tdrus ennua. one oi 
the piiis found in northern Euraaia and veatem North America, 
mewl (mydol) vi. mawl«d, nxewl-ixie, awwta. Qm;t] To cry 
weekly, 

Mex'i'eAq (mek'sT'kan) ad/. Of or relating to Mexico or to la in- 
habitants, their language, or thear culture, —a A natrve or resident 
or Mexico. ( 



Mexican naixleftd a One of a breed of small dogs with a imootk 
baiflcaa body except for tuft* on the head and tail. 
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Mexican Spanian a The Span jib language aa irad in Mtiucg, 
meiert'On (mo-zlr'e-Tn] a [MI mizerion e Med. Lat mexeieon 
< Ax. nxdidryun,) LA native Eurasian *hmb, Daphne niezeitum, 
having flagrant Mlat-purple flowers and small scarlet fruit, 

mc'^'n^ini (m>nr'e*am) a [Alteration of M^uon.] 
JUMEzasuoN 1. 2.Tlie dried bark nf certain shrubs of the genus 
Daphne, that was once used ertemally aa a vesicant and internal ly 
for anhritis. 

rjae*xirmah alao fflr/in'tt (ma^jf a) a [Hah, wvlith, door 
,1 A small piece of parchment inscribed with the Biblical pas- 
Deuteronomy 6;4-? and 11:13-21 and marked wirh the word 1 
_Jdai," a name of the Almighty, thac is roUed op m a container 
and affixed to a door tamo aa a aign that * Jewish family lives 

nifz'zratae (m&r'a-ntn', mfe'^mcn') a [Fr. < ItaL merraiiino < 
mcaxano. middle < Lat. mtdidaut, in the middlo < medlar. mWdfc.l 
J, A partial story between two main stories of a building. L The 
lowest halcuny in a rhearei ot the Km few rows of that balcony, 
mivw (mtv'so, med'zo, m«*fo) a. pi -«oa, A meamiHtoprano. 
mezzo foxrtc (for'ta') adf. di ooV. p«al-l Mur. Moderately loud : 
mezzo pi-fun (pft-a'nd) nd|. A 4&*. fiiai] Mu* Mi»dexatery soft 
meavJto-rc'Ue-vo (nrt( , ;:A-rl*lc'va, -rel-ya'vo, rold\ mex'-) n.. p!. 
^▼n*. Clui mftzzonltevo : mezzo, hall << Ue mediua) + n'iiflvo, , 
rdlcf < ritevare. to raise < Lax. w/evaxe. to raise, relieve, —sec 
UliVB.] Sculptural relief having nmdclcd forma that project approx, 
halfwajf from the baekEiemcuL 

mez< zo-90-prnn* « (m^&cVia-prin^ .pri'uo, med% rnev) n H pi 
-oa. Cltal. : wsTio. half (< Lat. raralraJ) + aopwnO. soprano, —tee 
SOrRAWO.] li a- A voice with a range httween soprano and contralto, 
b, A vocal part for a. voice with auch a range, 2, A woman with a 
nic2zo<&oprano voice. t 
metx xotixxt (metrafMlnr*, metf-) n. [ttal. mfizzotinro : marzp, baU 
(< Lat. incdiu*) + tinro. tint < Lat, ting-eve, to dye.] 1. A method ot 
engraving a steel or copper plate by burnishing and scraping areas » 
produce effect* of shadow and light- 2- A print made horn a plate . 
engraved by mexeotint, 
Mk jyraboi /or magnesium. 

jX&o (mo) a, pL mho*. [Backward apelling of ohm.] A unit or 
conductance rer^pxocal to me ohm. 

ml (mi) a [Med. Lar. — *ec gamut.] Mux The third tow of the 
diatonic scale in solfeggio, , 
MIA (imTa') a [M(iSlnVC) l(N) A(CTlQN).] A wrviceman .who Is 
reported missing foUowing a eornhat mission and whose dearh can ee 
neither coniiimed nof denied. 

Mi-aitl-i (ml-inye, -Inr'a] a, pi. Miami or -*av A member « an 
Msonquian nihe of Indiana once hving in Ol«o, Indiana, illinui*, 
and Wisconsin. 

jni^s^na (mr-lz'ma, mi-) n. p pi. -mu or -loata (-ooa-ta) [Git. *t 
tafdfnein, to pollute.] tiA poiaonoua atmosphere once beJ;evc*J to 
nse frorn swamps and pumd matter and cause disease. Ji, A lUicK 
vaporous auBosphere or emanation <a miasrva of cigar $moke> 
2> A hanniul influence or atmosphere <a mia s ma of evii> ■ rn ** 
4«*mAl, ml'aarrjuit^lc (-mirTX), mi'*»'mlc j-mJOc) od/, 
ml-ca (mTkaj a (Nlat. < tit,, grain.] Any of a group of chemlcauy 
and physically reLted mineral silicates, common in ignernis <mc 
metamoxphlc rocks, xhat contain hydroacyi alkali, and alumi&um 
silicate rroups and can be spur into flexible sJieera used In Insular! on- 
—tni'u'cBoo* (-kl'ihas) edl 

Mi cjLh (mi'ka) a [Hcb. MikhdL] —Sea table at Bum. 
mice (mis] a pL of atousg. . , . , . 

misscUc (ml^eP) a [NLat. micella < Ur, mica, pm.ll.AW> 
nucfoscopic aggregation of moleculea. as a droplet in a colloidal sys- 
tem. LA colloidal organic r^rricle found in coaL 3. A coherent 
STTjnd or sirucrurc in synthetae or naruial fibcra. 4* A aubmicro- 
scopic srructoraJ unit of protoplasm. —uai««sl'l*r (mln&clar) adl 
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